We measured how predator-and prey-derived chemical cues affect swimming behaviors and encounter rates of two common phytoplankton species (Amphidinum carterae, Heterosigma akashiwo) and two heterotrophic dinoflagellate predators (Stoeckeria algicida, Gyrodiniellum shiwhaense). Using video and image analysis, the microscopic three-dimensional movement behaviors and macroscopic population distributions of the species were quantified in response to chemical cues derived from their respective predator or prey species. S. algicida preferentially feeds on H. akashiwo but displayed significant increases in swimming speed and turning rate when exposed to filtrate from either prey species. Prey cue-induced changes in predator swimming behavior resulted in an average 11% increase in encounter rate. S. algicida that respond to prey filtrate would reach their daily prey quota at a 25% lower ambient prey concentration. In contrast, G. shiwhaense, which rarely feeds and does not grow on H. akashiwo, exhibited no shifts in behavior in response to algal filtrate. Predator-derived cues from S. algicida elicited significant increases in upward motility in H. akashiwo, resulting in a shift in the prey population abundance away from the predator-derived chemical cue. These algal fleeing behaviors reduced estimated encounter rates by 4%, compared to non-fleeing behaviors. Our results provide quantitative evidence for the importance of chemical cues in modulating feeding interactions and emphasize the ramifications of individual behaviors, and modulation thereof, to population-level outcomes, including population distributions, and predation pressure.
Grazing by heterotrophic protists on phytoplankton is important in mediating plankton population dynamics and production rates, and ultimately the flow of energy and material throughout marine planktonic food webs (Sherr and Sherr 1988; Strom 2008; Caron et al. 2012) . Heterotrophic protists are the main consumers of marine phytoplankton biomass, consuming on average . 50% of daily phytoplankton production (Calbet and Landry 2004) . Thus, small shifts in grazing pressure can play a significant role in influencing changes in phytoplankton population abundance and distributions. However, given the many thousands of species that simultaneously interact in the complex, heterogeneous marine environment, it is difficult to mechanistically understand the factors that mediate grazing pressure.
Many heterotrophic protists are selective feeders; selectivity can affect the abundance, distribution, and composition of the phytoplankton community. The palatability of an algal species to a potential predator is dependent on size, shape, chemical composition, and nutritional quality of the alga (Tillmann 2004 ). There are many sensory mechanisms that predators can utilize to detect suitable prey, including chemical signals (Pohnert et al. 2007 ). Chemical signals produced by aquatic organisms have been shown to play important roles in deterring grazers, providing cues for foraging, reproduction, and assessing danger (Hay and Kubanek 2002) . Information-containing chemical signals that induce a physiological or behavioral response in the receiver are known as infochemicals (Dicke and Sabelis 1988) . Infochemicals have been shown to be integral in grazing interactions between heterotrophic protist predators and algal prey (Fenchel and Blackburn 1999; Wolfe 2000) . Montagnes et al. (2008) identified six steps in the feeding sequence of heterotrophic protists: searching, contact, capture, processing, ingestion, and digestion. Infochemicals are likely influential in the success of the predator at each of these steps but particularly important in facilitating prey encounters. For example, dissolved chemical cues can increase the success of locating a prey item. Dimethylsulphioproprionate released by some algal species has been shown to both deter and attract grazers (Fredrickson and Strom 2009; Breckels et al. 2010; Seymour et al. 2010) . Predator-derived infochemicals can also induce defense mechanisms in phytoplankton such as changes in morphology (Long et al. 2007; Selander et al. 2011) , chemical composition (Selander et al. 2006) , and phytoplankton fleeing behaviors (Harvey and MendenDeuer 2012) . Such defenses would decrease grazing pressure on phytoplankton species exhibiting defense responses. Given the importance of infochemicals in affecting grazing interactions, there are surprisingly few data linking the presence of infochemicals in organismal behaviors, and resultant grazing success. Observing predator-prey interactions as a function of chemical cue signals at realistic concentrations may provide greater understanding of the grazing process, selectivity, and other factors that mediate grazing pressure, and ultimately, the role of chemical cues in influencing larger-scale phenomena, such as phytoplankton abundance and distribution.
Here we investigated the interactions between two heterotrophic protist predators, Stoeckeria algicida and Gyrodiniellum shiwhaense, with two potential algal prey species, the raphidophyte Heterosigma akashiwo and the phototrophic dinoflagellate Amphidinium carterae. The two predators are similar in size, have the same feeding mechanism (tow filament and peduncle), and co-occur in the natural environment, but differ in the presence of nematocysts and their feeding preferences (Jeong et al. 2005a Kang et al. 2011) . H. akashiwo is the preferred prey of S. algicida and the predator will not ingest other phytoplankton species, including A. carterae (Jeong et al. 2005a) . In contrast, although G. shiwhaense will feed on H. akashiwo, feeding does not support growth, and the ingestion rate (1%) is far lower than the ingestion rate of more favorable prey including A. carterae .
Using high-resolution video analysis, we quantified the movement behaviors of the predator species when exposed to discrete layers of culture filtrate from the phytoplankton species. In reverse control experiments, we exposed H. akashiwo to filtrate derived from S. algicida. We find behavioral responses in all species that reflect their respective avoidance or attraction: attraction of the predator to prey-derived chemical cues, no modulation for the neutral predator, and avoidance of predator-derived chemical cues by the prey alga.
Methods
Culturing-H. akashiwo and A. carterae, both species with a mean length of 10 mm, were cultured in 0.2 mm sterile-filtered autoclaved seawater (FSW), enriched with f/2 nutrients minus silica (Guillard 1975) . The strain of H. akashiwo was collected from waters off Kunsan, Korea, and A. carterae was obtained from Scripps Institution of Oceanography, U.S.A. Two heterotrophic protists, S. algicida and G. shiwhaense, both species with mean cell length of 12 mm, were collected from Masan Bay and Shiwha Bay, respectively, and were cultured in FSW only (using H. akashiwo and A. carterae as prey, respectively). All cultures were maintained on a 14 : 10 light : dark cycle at 22uC, salinity of , 30, and a light intensity of 20-40 mmol photon m 22 s 21 . Cultures were not axenic. Phytoplankton cultures were transferred weekly to maintain exponential growth. Cultures of S. algicida were fed H. akashiwo and G. shiwhaense were fed A. carterae every other day. Daily cell concentrations of both predator and prey cultures were counted in 1% Lugol's solution fixed samples.
Experimental setup-To quantify predator and prey movement behaviors and population distributions, a 30 cm 3 5.5 cm, 1 liter octagonal, acrylic observational tank was used. The tank was filled with FSW using a peristaltic pump; this method allows for the creation of a stable density gradient that eliminates convection in the tank (Bearon et al. 2006) . A stable water column provides the ability to observe plankton movements not influenced by water motion. In all experiments, a linear salinity gradient from 18 to 30 was created in the tank. The same source water was used in all experiments and to maintain cultures.
The following combinations of organism and plankton culture-derived filtrate were observed in triplicate, separate tanks on consecutive days: To test predator responses to prey filtrate, S. algicida was exposed to a layer of the culture filtrate of their preferred prey, H. akashiwo as well as A. carterae, a phytoplankton species that S. algicida does not ingest (Jeong et al. 2005a ; Table 1 ). To test heterotrophic protist response to algae they feed on rarely, G. shiwhaense was exposed to a layer of H. akashiwo culture filtrate. G. shiwhaense will ingest H. akashiwo at a reduced rate, compared to preferred prey, but the ingestion does not support growth ; Table 1 ). Due to time constraints, it was not possible to expose G. shiwhaense to A. carterae. Finally, to examine prey response to predatorderived cues, H. akashiwo was exposed to a layer of S. algicida culture filtrate.
Filtrate was created by gently filtering 10 mL exponentially growing prey culture or 20 mL starved predator culture through a 0.2 mm syringe-tip filter. This filtrate volume represents approximately the same volume of live cells introduced into the tank. Equivalent volumes of syringe-tip filtered FSW were used as a control. Approximately 500 mL of deionized water was then added to the filtrate to match the salinity at the target horizon where the filtrate was introduced. This process created a stable layer of filtrate in the middle of the tank, between 0.3-0.6 cm thick, stretching across the extent of the width of the tank. Prior to these experiments, the method for layer creation was developed using fluorescein dye to visualize the placement and stability of a layer of filtrate in the tank. Control experiments were conducted for all species, in triplicate, independent tanks, exposing each species to a layer of FSW introduced in the same manner as the plankton-derived filtrates.
For all treatments, organisms were slowly introduced first to the bottom of the tank through silicone tubing with an internal diameter of 1 mm. The final average concentration of H. akashiwo in the tank was , 400 cells mL 21 and 150 cells mL 21 for both S. algicida and G. shiwhaense. Immediately after live cell addition, filtrate was slowly added to the tank using silicone tubing. Organism densities and filtrate concentrations were 2-3 orders of magnitude lower than observed in situ, where abundances of both predator and prey can reach . 10 4 cells mL 21 (Jeong et al. 2005a, b) . These low cell concentrations were chosen both to maintain the ability to track individuals for longer periods of time and to examine organismal responses under non-bloom conditions.
Video capture and analysis-The methods for video capture and analysis have been detailed in Menden-Deuer and Grü nbaum (2006) . Two infrared-sensitive cameras (Pixelink) with Nikon 60 mm Micro Nikkor lenses monitored an area of 1 cm 3 1 cm 3 2 cm, , 2 mL of water in the center of the tank. The cameras were mounted at a 45u angle with maximally overlapping fields of view to enable reconstruction of three-dimensional (3D) movement behaviors. All filming was conducted in the dark, to eliminate the potential for light-mediated behavioral responses. The chamber was illuminated with infrared (960 nm) light-emitting diodes. Filming occurred in the middle of the tank at five horizons: within the layer, and 2 and 4 cm below and above the layer. Each horizon was filmed for 1 min every hour for a 6 h period. Video was captured at 30 frames s 21 . We present data only from the layer horizon. We tracked all organisms observed at this horizon, and compared both population distributions and movement behaviors between the presence and absence of filtrate.
To determine predator and prey movements and population distributions, each video was analyzed using the same protocol. The two-dimensional (2D) position of each individual organism in each frame of the stereo cameras was determined, using ImageJ (Schneider et al. 2012) image-processing software to remove stationary background objects. The threshold was measured manually. The same threshold values were used for all videos. Three-dimensional swimming paths were determined by first assembling 2D trajectories from Cartesian coordinates of each organism in each stereo frame and then joining 2D tracks based on matching space-time occurrence in the two 2D segments. Trajectories from all treatments and for all species were determined using the same video analysis and trajectory assembly parameters. The population distributions are based on abundance of tracks at discrete time points and horizons. Swimming behaviors, including the x, y, and z velocity vectors and turning rates, were calculated from 3D paths, subsampled at 0.2 s intervals. Only time points that had . 30 individuals in each replicate and cells tracked for a minimum duration of 3 s or longer were used to measure movement behaviors.
Encounter rate-To understand how shifts in behavior by both the predators and by H. akashiwo affect encounter rate, calculations were made to gain a basic estimate of the volume swept clear as a function of detection radius and swimming speed, using the model of Gerritsen and Strickler (1977) :
R is the distance at which a predator can detect prey. For direct interception feeders, we used an R of 12 mm, which is the sum of the radii for both the predator and prey cells, following the approaches advanced in Shimeta and Jumars (1991) and Kiørboe (2008) , u is the mean prey swimming speed, v the predator swimming speed (with v . u), and C the prey concentration. Z was calculated at each time point for each treatment separately. As the abundance of H. akashiwo cells at the layer horizon did not differ significantly between the presence and absence of filtrate, a C of 10,000 prey cells mL 21 was used, to calculate Z in bloom conditions. This allowed the comparison of encounter rate solely based on movement behaviors and not affected by variations in cell concentration.
Statistical analysis-The Kolmogorov-Smirnov test (KS test) was used to determine significant differences among the distribution and swimming behavior data. As the variation in motility statistics among and within individuals was always 1-2 orders of magnitude larger than the variation among other factors, such as tank differences, trajectories from each horizon, and replicate were pooled by time point. A KS test was conducted for each time point in swimming behavior analyses. A repeated-measures analysis of variance was used to test for differences in encounter rate over time. For all analyses the significance level was p , 0.05.
Results
Predator response to prey filtrate-To test the response of predators to preferred (H. akashiwo) and non-preferred (A. carterae) phytoplankton prey filtrate, we exposed S. algicida to filtrate from both prey species. S. algicida significantly altered its movement behavior in response to filtrate derived from both phytoplankton species (Fig. 1) . Initially, during the first hour of observation, swimming speed of S. algicida in the presence of H. akashiwo was significantly lower than in the FSW control. Swimming speed increased significantly over time in all treatments (p , 0.001), with a similar rate of increase in each treatment after the first 2 h. S. algicida swimming in the presence of H. akashiwo from 3-6 h, had an average turning rate and swimming speed of 85 6 3 degrees (deg) s 21 and 315 6 32 mm s 21 , respectively. The net change in S. algicida response to H. akashiwo filtrate relative to the FSW control, over the entire 6 h observation period, was a significant increase in turning rate and swimming speed by 18% 6 4% and 17% 6 5%, respectively (p , 0.001 for both measurements).
Exposure of S. algicida to a layer of A. carterae filtrate, the alga that is typically not fed upon by S. algicida, elicited a similar response (Fig. 1) . S. algicida turning rate and swimming speed were 84 6 2 deg s 21 and 322 6 28 mm s 21 in response to A. carterae. Over the 6 h observation period, S. algicida significantly increased turning rate by 17% 6 2% and swimming speed by 21% 6 6%, compared to the FSW control (p , 0.001). It is not clear why the initial turning rate measurement by S. algicida in response to A. carterae exceeds all other measurements.
These differences in movement behaviors in response to the different chemical cues are so dramatic that they are visually apparent. Figure 1C , D show the swimming paths of S. algicida in the absence and presence of H. akashiwo filtrate, respectively. In each image, the observation duration and number of paths are the same, but the paths in the presence of filtrate are much more curvaceous, resulting in tighter tracks compared to the broad, more straight-lined tracks in the FSW control.
To investigate predator response to a non-preferred prey type, we exposed G. shiwhaense to a layer of H. akashiwo. Over the 6 h filming period, G. shiwhaense did not significantly modify its movement behavior when exposed to a layer of H. akashiwo filtrate. Over the course of the experiment, the average turning rate and swimming speed of G. shiwhaense in the FSW control were 109 6 9 deg s 21 and 146 6 9 mm s 21 (Fig. 2) . When exposed to a layer of H. akashiwo filtrate, average turning rate and swimming speed were 105 6 10 deg s 21 and 139 6 8 mm s 21 , a comparably modest decrease in turning rate of 4% and 5% in swimming speed. Significant, time-dependent changes in movement behaviors were observed, irrespective of treatment. Turning rate of G. shiwhaense decreased significantly and similarly over time in both treatments (p , 0.001). Swimming speed increased significantly over the observation period for both treatments (p , 0.001). Reflecting this lack in response, the swimming paths of G. shiwhaense appeared identical regardless of treatment condition (Fig. 2) .
Prey response to predator filtrate-To quantify how phytoplankton prey react to predator filtrate, the movement response of H. akashiwo to a layer of S. algicida filtrate was observed. Within a layer of S. algicida filtrate, H. akashiwo exhibited significant shifts in movement behaviors ( Fig. 3 ; p , 0.001). Swimming within the predator filtrate, average turning rate increased by 18 6 5 deg s 21 and swimming speed decreased by 20 6 4 mm s 21 , compared to the FSW control. Furthermore, H. akashiwo exhibited significantly faster upward movements when exposed to predator filtrate. Vertical velocity was 33 6 5 mm s 21 within the layer of S. algicida filtrate, compared to 1.2 6 7 mm s 21 in the FSW control.
The high vertical velocity of H. akashiwo in the presence of predator filtrate resulted in a significant increase in H. akashiwo abundance above the filtrate layer (p 5 0.01; Fig. 4 ). Irrespective of treatment, H. akashiwo was observed distributed throughout the tank, at all horizons examined, after 6 h of observation. When the predator was present in the tank, the largest proportion of the H. akashiwo population was found at the top two horizons (55% 6 7%). In the FSW control, the largest proportion of the population was found at the bottom two horizons (67% 6 11%; p 5 0.01).
Cell-cell encounter rates-The predator-specific encounter rates with H. akashiwo reflected the swimming speeds (Fig. 5) . Encounter rate increased when S. algicida responded to the presence of H. akashiwo filtrate. Due to the initially slow swimming of S. algicida, in the presence of H. akashiwo, encounter rates during this time period were , 48% lower than the control. After this initial period, predicted encounter rate increased due to predator responses to prey-derived chemical cues. This shift in behavior resulted in an , 25% higher encounter rate, compared to the control, for the remainder of the observation period. Averaged over the entire 6 h observation time period, encounter rate was significantly higher (11% 6 12%) in the presence of H. akashiwo filtrate (p 5 0.04).
In addition to observing predator responses to preyderived chemical cues, we also observed that phytoplankton changed their behavior in response to predator-derived filtrates. To take these predator cue-induced changes into account, we also calculated encounter rates incorporating the fleeing behaviors of H. akashiwo when exposed to S. algicida filtrate. The inclusion of phytoplankton fleeing behaviors resulted in a 6-13% decrease in encounter rate during the first 2 h of observation. However, over the remainder of the experiment, encounter rate estimates that include and exclude fleeing behaviors were almost identical, and not significantly different. The decrease in encounter rate was nullified by the modulation of predator movements to prey. Thus, H. akashiwo that remain in the vicinity of predators do not benefit from fleeing behaviors but those that can separate from predators will be subject to decreased predation pressure. This indicates that the benefit to H. akashiwo exhibiting fleeing behavior is dependent upon predator behavioral responses.
There was no significant difference in swimming speeds over time when G. shiwhaense was exposed to either filtrate or the control; thus, averaging over the 6 h observation period, the difference in encounter rate between treatments varied , 1%. In general, predicted encounter rates for G. shiwhaense and H. akashiwo were lower than for S. algicida because G. shiwhaense swam at , M the speed of S. algicida.
Discussion
Chemical recognition of prey has been well described for heterotrophic protists (reviewed in Roberts et al. 2011 ). Chemical cues from potential algal prey can provide cues on prey presence and spatially directed information on food distribution and quality for potential consumers (Larsson and Dodson 1993) . Rapid aggregation to preyderived chemical cues has been observed for heterotrophic protists over distances exceeding diffusion-dominated micrometer to millimeter scales (Menden-Deuer and Grü nbaum 2006). Chemosensory attraction to an area of elevated prey density will reduce search time, and increase the potential for prey contact and feeding efficiency (Montagnes et al. 2008 ). Yet, the population-level ramifications of chemical cues for plankton abundance, species composition, and population distributions are thus far unexplored. We observed a range of modulations in movement behavior in response to the presence of chemical cues. Dissolved cues that stimulated shifts in movement behaviors ultimately altered population distributions, cellcell encounter rates, and thus predation pressure.
In the presence of prey filtrate, S. algicida rapidly increased swimming speed, resulting in a significant increase in encounter rates with prey, increasing potential predation pressure. Despite an initial 2 h delay in response time, the chemical cue-induced behaviors would enable S. algicida to meet its maximum per capita cell quota of 200 H. akashiwo d 21 (Jeong et al. 2005a) at an ambient prey concentration of , 15,000 prey mL 21 . In the absence of such swimming speed modulations, S. algicida would require an ambient concentration of , 20,000 prey mL 21 to achieve the same encounter rate. Therefore, a significantly higher predation pressure would be exerted by the same predator at lower prey concentrations due to prey cue-induced modulations of swimming behaviors. These results provide quantitative estimates of the alterations in trophic rates as a function of chemical cues.
The model of Gerritsen and Strickler (1977) provides a conceptually simple and tractable estimate of the volume swept clear as a function of detection radius and swimming speed. The model simplifies in several respects (Visser and Kiørboe 2006) , including that it does not take turning rate into account, and thus may overestimate encounter rate, when turning rate, and thus backtracking, is high. The calculated de-correlation length scale for H. akashiwo (, 5 mm), swimming in either control or treatment conditions, was far larger than the encounter radius (12 mm) used in the encounter rate calculations. Thus, in these encounter rate estimates, turning rate likely plays an inconsequential role. Therefore, the observed modulations in swimming speed alone would result in an effective increase in prey encounter at ambient prey concentrations.
It has been well established that S. algicida feeds exclusively on H. akashiwo (Jeong et al. 2005a . The cue concentration used in our experiments represented very low cell densities, equivalent to , 400 H. akashiwo mL 21 , far lower than bloom concentrations which can reach densities . 10 4 cells mL 21 . Thus, it appears that S. algicida is very sensitive to the chemical cues of H. akashiwo, although the stability of our experimental setup did promote prolonged exposure to the cue, relative to the dynamic coastal ocean. At the same time, S. algicida was nondiscriminatory, exhibiting the same behavioral response, irrespective of prey species. Since this predator feeds significantly less effectively on A. carterae, additional post-encounter selection mechanisms must be utilized. Thus, for predators such as S. algicida, the presence of infochemicals can enhance encounter rates with potential prey items. However, the non-discriminatory nature of S. algicida's response to algal exudates offered indicates that modifications in movement behavior are not a reliable predictor of successful predation or prey preference.
No shift in behavior or encounter rate was observed for G. shiwhaense in response to the presence of H. akashiwo, a non-preferred prey species. While, G. shiwhaense has been observed to ingest live H. akashiwo cells, ingestion rate was low and did not support growth of the predator . Feeding experiments have shown that G. shiwhaense is not strict in its food selection, and will feed and positively grow on a diversity of prey types, including A. carterae, Isochrysis galbana, Prorocentrum minimum, Rhodomonas salina, and Teleaulax sp. ). Thus, G. shiwhaense appears to be more of a foraging generalist compared to S. algicida. Generalist herbivores often have a singular foraging goal of energy and nutrient maximization (Belovsky 1986 ). For G. shiwhaense, H. akashiwo does not support growth; thus, this particular predator would not be expected to expend energy modifying its behavior to encounter a non-preferred prey species. Due to a lack of a positive control, we are unable to say if G. shiwhaense is capable of movement modulations. However, we would expect for more generalist predators such as G. shiwhaense, modulation of movement to signal prey selectivity, and that shifts in movement may be used to predict predation pressure.
H. akashiwo also responded to chemical cues, ultimately leading to a shift in population distribution. In response to the presence of S. algicida filtrate, H. akashiwo dramatically increased swimming speed in the vertical direction, resulting in an accumulation of algae in a predator filtrate-free portion of the tank and a reduction in encounter rate. This fleeing behavior was recently shown to result in significant increases in population growth rate in a different strain of H. akashiwo in response to a ciliate predator (Harvey and Menden-Deuer 2012) . Such avoidance behaviors contribute to driving shifts in the distribution and local abundance of this toxic alga, and could ultimately modulate bloom formation in this species (Strom et al. 2013 ). We observed a time dependence in the fleeing shiwhaense, under control conditions (black circles), in the presence of H. akashiwo filtrate (gray triangles), and when H. akashiwo (HA) was exhibiting fleeing behaviors in the presence of predator filtrate (white squares). G. shiwhaense did not respond to H. akashiwo filtrate and had an overall lower predicted encounter rate due to lower swimming speeds than S. algicida (SA). Increase in swimming speed by S. algicida in response to prey filtrate, after hour 2, resulted in increased encounter rates. Incorporation of H. akashiwo fleeing behavior resulted in an initial decrease in predicted encounter rate that was later nullified by predator modulation of movements in response to prey filtrate. behaviors on encounter rate. Fleeing behavior affected encounter rate most dramatically in the first 2 h of observation. Thus, those cells that exhibit an immediate fleeing response would face decreased predation risk, compared to cells that have a delayed fleeing response.
We did not characterize the chemical composition of the culture filtrates used in these experiments; however, they likely contain a mixture of carbohydrates, proteins, and amino acids (Hellebust 1965; Biddanda and Benner 1997; Poulson et al. 2009 ). The stability of these exuded chemicals varies dependent on environmental conditions. Dissolved organic matter is ubiquitous in the oceans and constitutes a large and chemically diverse reservoir of potential stimuli (Hedges 1992; Ogawai and Tanoue 2003; Hansell et al. 2009 ). Microbial communities are highly diverse, live in a dynamic and complex habitat, and chemical mediation is important in driving cell-cell interactions (Strom 2008) . The mechanisms that drive the interactions between heterotrophic protists and phytoplankton are difficult to characterize and impossible to generalize. However, by creating quantitative linkages between prey-and predatorderived chemical cues, behavioral responses, and encounter rates, we can begin to understand how infochemicals mediate predator-prey interactions and grazing pressure. The population dynamics of both predators and prey may be improperly estimated if they fail to incorporate the population structuring function of chemical communication between cells. Our results show the quantitative importance of both predator and prey motility, and modulation thereof, in influencing plankton population abundance, composition, and distribution, ultimately influencing the flow of energy and material through the marine environment.
